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(54) METHOD FOR GROWING NITRIDE BASED lll-V COMPOUND SEMICONDUCTOR LAYER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for growing a 
nitride based lll-V compound semiconductor layer which can 
produce a nitride based lll-V compound semiconductor 
substrate having good crystallinity and no surface roughness 
nor crack with high productivity. 

SOLUTION: A thin GaN layer 2 is grown rate of 4 \xm/h or less 
on a c-face sapphire substrate 1 by MOCVD or MBE, and then a 6 
sufficiently thick GaN layer 3 is grown on the GaN layer 2 at a 
rate higher than 4 nm/h but not higher than 200 nm/h by hydride 
VPE. Subsequently, the c-face sapphire substrate 1 is removed 
by etching or lapping to obtain a GaN substrate comprising the 
GaN layers 2, 3. Finally, the surface of the GaN layer 2 or 3 
being used as a growth surface is etched or polished to bring D 
about a high quality surface state. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which grows up the 1st Bw Alx Gay Inz N layer (however, 0<=w<=l, 0<=x<=l, CK=y<=l, 
(K=z<=l, w+x+y+z=l) with the 1st predetermined growth rate by the 1st vapor growth on a substrate, On the Bw Alx 
Gay Inz N layer of the above 1st, by the 2nd vapor growth with the 2nd larger predetermined growth rate than the 
predetermined growth rate of the above 1st The 2nd Bw Alx Gaylnz N layer The growth approach of the nitride system 
group-Hi- V-semiconducter layer characterized by having the process into which (0<=w<=l, 0<=x<=l, 0<=y<=l, 
0<=z<=l, w+x+y+z=l) are grown up. [ however, ] 

[Claim 2] It is the growth approach of the nitride system group-Ill- V-semiconducter layer according to claim 1 
characterized by for the predetermined growth rate of the above 1st being 4 or less micrometer/h, and for the 2nd growth 
rate of the above being larger than 4 micrometer/h, and being 200 or less micrometer/h. 

[Claim 3] It is the growth approach of the nitride system group-Ill- V-semiconducter layer according to claim 1 which the 
1st vapor growth of the above is an organic metal chemical- vapor-deposition method, and is characterized by the 2nd 
vapor growth of the above being a hydride vapor phase epitaxy method. 

[Claim 4] The 1st vapor growth of the above and the 2nd vapor growth of the above are the growth approach of the 
nitride system group-Hi- V-semiconducter layer according to claim 1 characterized by being an organic metal chemical- 
vapor-deposition method, respectively. 

[Claim 5] It is the growth approach of the nitride system group-Ill- V-semiconducter layer according to claim 1 which the 
1st vapor growth of the above is a molecular beam epitaxy method, and is characterized by the 2nd vapor growth of the 
above being a hydride vapor phase epitaxy method. 

[Claim 6] It is the growth approach of the nitride system group-III-V-semiconducter layer according to claim 1 which the 
1st vapor growth of the above is a molecular beam epitaxy method, and is characterized by the 2nd vapor growth of the 
above being an organic metal chemical-vapor-deposition method. 

[Claim 7] The thickness of the Bw Alx Gay Inz N layer of the above 1st is the growth approach of the nitride system 
group-Ill- V-semiconducter layer according to claim 1 characterized by being 0.3-10 micrometers. 
[Claim 8] The thickness of the Bw Alx Gay Inz N layer of the above 1 st is the growth approach of the nitride system 
group-Ill- V-semiconducter layer according to claim 1 characterized by being 1-5 micrometers. 

[Claim 9] The Bw Alx Gay Inz N layer of the above 1st and the Bw Alx Gay Inz N layer of the above 2nd are the growth 
approach of the nitride system group-III-V-semiconducter layer according to claim 1 characterized by including at least a 
kind of element chosen from the group which consists of C, Si, germanium and Sn which are n mold and are IV group 
element as an n mold impurity, and S, Se and Te which are VI group element. 

[Claim 10] The Bw Alx Gay Inz N layer of the above 1st and the Bw Alx Gay Inz N layer of the above 2nd are the 
growth approach of the nitride system group-III-V-semiconducter layer according to claim 1 characterized by including 
at least a kind of element chosen from the group which consists of C, Si, germanium and Sn which are p mold and are IV 
group element as a p mold impurity, and Be, Mg, calcium, Zn and Cd which are II group element. 
[Claim 11] The raw material of the above-mentioned n mold impurity is the growth approach of the nitride system 
group-III-V-semiconducter layer according to claim 9 characterized by being a simple substance, an organic compound, 
or a hydride. 

[Claim 12] The raw material of the above-mentioned p mold impurity is the growth approach of the nitride system 
group-III-V-semiconducter layer according to claim 10 characterized by being a simple substance, an organic compound, 
or a hydride. 

[Claim 13] The growth approach of the nitride system group-III-V-semiconducter layer according to claim 1 
characterized by using the organometallic compound which contains a simple substance or the above-mentioned III 
group element as a raw material of B, aluminum, Ga, and In which are an III group element. 

[Claim 14] The above-mentioned substrate is the growth approach of the nitride system group-III-V-semiconducter layer 
according to claim 1 characterized by being silicon on sapphire, a silicon carbide substrate, or a magnesium aluminum 
spinel substrate. 

[Claim 15] The growth approach of the nitride system group-III-V-semiconducter layer according to claim 1 
characterized by the thickness of the above-mentioned substrate at the time of growing up the Bw Alx Gay Inz N layer of 
the above 2nd at least being below the thickness of the Bw Alx Gay Inz N layer of the above 2nd. 
[Claim 16] The growth approach of the nitride system group-III-V-semiconducter layer according to claim 1 
characterized by the thickness of the above-mentioned substrate at the time of growing up the Bw Alx Gay Inz N layer of 
the above 2nd at least being 400 micrometers or less. 

[Claim 17] The growth approach of the nitride system group-III-V-semiconducter layer according to claim 1 
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characterized by the thickness of the above-mentioned substrate at the time of growing up the Bw Alx Gay Inz N layer of 
the above 2nd at least being 200 micrometers or less. 

[Claim 18] The Bw Alx Gay InzN layer of the above 1st and the Bw Alx Gay Inz N layer of the above 2nd are the 
growth approach of the nitride system group-III-V-semiconducter layer according to claim 1 characterized by being a 
GaN layer. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention is applied to manufacture of the semiconductor device using a nitride 
system group III-V semiconducter, for example, the substrate for semiconductor laser, about the growth approach of a 
nitride system group-Hi- V-semiconducter layer, and is suitable. 
[0002] 

[Description of the Prior Art] The demand of development of the green and blue of short wavelength, or the 
semiconductor laser of ultraviolet-rays luminescence is increasing from the demand of the densification of the record 
over recent years, for example, an optical disk, and a magneto-optic disk, and playback, and high-resolution-izing. 
[0003] It is known that the nitride system group m-V semiconducter represented by GaN, AlGaN, GalnN, etc. is suitable 
as an ingredient used for manufacture of the semi-conductor light emitting device in which luminescence with such short 
wavelength is possible (for example, Jpn.J.Appl.Phys.30(1991) L1998). 

[0004] growth of a former and nitride system group-Ill- V-semiconducter layer — organic metal chemical vapor 
deposition (MOCVD) — law and molecular beam epitaxy (MBE) - it is carried out by law. In this case, as a growth 
substrate, the sapphire (alurriinum 203) substrate or the silicon carbide (SiC) substrate is mainly used. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when growing up a nitride system group-Ill- V-semiconducter layer 
on above-mentioned silicon on sapphire or a silicon carbide substrate, there is a problem of a defect being generated by 
the difference in the lattice constant between them or a coefficient of thermal expansion, or a crack occurring by it. 
Moreover, when growing up a nitride system group-Ill- V-semiconducter layer into a multilayer on these silicon on 
sapphire or a silicon carbide substrate, for example, manufacturing semiconductor laser, there is a problem that it is 
difficult to form the resonator end face by cleavage. 

[0006] These problems are solvable if a nitride system group-Ill- V-semiconducter substrate can be obtained. That is, 
when growing up a nitride system group-Hi- V-semiconducter layer on a nitride system group-Ill- V-semiconducter 
substrate, and those lattice constants and coefficients of thermal expansion are in agreement, there is no problem of a 
defect being generated or a crack occurring. Moreover, when manufacturing semiconductor laser, for example, the 
resonator end face can be formed by cleavage, and these advantages - in addition, the advantage that an electrode can be 
formed in the rear face of a substrate is put together, and it becomes possible to manufacture a highly reliable 
semiconductor device, for example, semiconductor laser, by the high yield. 

[0007] However, in order to manufacture a nitride system group-Ill- V-semiconducter substrate, the approach generally 
used for manufacture of Si substrate, a GaAs substrate, etc. cannot be used according to the vapor pressure of nitrogen 
being high. 

[0008] as the growth approach of GaN - MOCVD - law and MBE — law « the hydride vapor phase epitaxy (VPE) 
which uses a hydride (hydride) for except as a raw material — law is known. According to this hydride VPE method, 
since the GaN layer of the thickness of a number - 100 micrometers of numbers can be grown up in 1 hour, it is 
considered one of the effective approaches which manufactures a GaN substrate, manufacture of this GaN substrate — 
being related — a former, silicon-on-sapphire, GaAs substrate, etc. top — Hydride VPE — there is a report into which the 
GaN layer was grown up by law. However, since the GaN substrate obtained by this approach had crystallinity and a bad 
surface state or grew at right angles [ a GaN layer ] to a substrate, and aslant, its quality was inadequate for using as a 
substrate. 

[0009] Therefore, the purpose of this invention is to offer the growth approach of a nitride system group-Ill- V- 
semiconducter layer that there is neither a surface dry area nor a crack, and crystallinity can also manufacture a good 
good nitride system group-Ill- V-semiconducter substrate for high productivity. 
[0010] 

[Means for Solving the Problem] this invention person inquired wholeheartedly that the above-mentioned purpose should 
be attained. Consequently, in order for there to be neither a surface dry area nor a crack and for crystallinity to also 
manufacture a good good nitride system group-Hi- V-semiconducter substrate for high productivity First, on the silicon 
on sapphire generally used for growth of a nitride system group III-V semiconducter After growing up thinly a nitride 
system group-ni- V-semiconducter layer with the small growth rate which is extent which can suppress generating of a 
surface dry area or a crack, The conclusion that it is effective growing up thickly a nitride system group-HI-V- 
semiconducter layer with a large growth rate by moreover is reached, and it came to think out this invention. 
[001 1] In order to attain the above-mentioned purpose, namely, the growth approach of the nitride system group-ffl-V- 
semiconducter layer by this invention The process which grows up the 1 st Bw Alx Gay Inz N layer (however, 0<=w<=l , 
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0<=x<=l, 0<=y<=l, 0<=z<=l, w+x+y+z=l) with the 1st predetermined growth rate by the 1st vapor growth on a 
substrate, On the 1st Bw Alx Gay Inz N layer, with the 2nd larger growth rate than the 1st predetermined growth rate by 
the 2nd vapor growth The 2nd Bw Alx Gay Inz N layer It is characterized by having the process into which (0<==w<=l , 
0<=x<=l, 0<=y<=l, 0<=z<=l, w+x+y+z=l) are grown up. [ however, ] 

[0012] Here, from a viewpoint to which there is neither a surface dry area nor a crack, and crystallinity also makes 
[ good ] good the 1st Bw Alx Gay Inz N layer and the 2nd BwAlx Gay Inz N layer, suitably, the 1st predetermined 
growth rate is made into 4 or less micrometer/h, and the 2nd predetermined growth rate is made into 200 or less 
micrometer/h more greatly than 4 micrometer/h. 

[0013] In this invention, as the 1st vapor growth, an organic metal chemical- vapor-deposition method, a molecular beam 
epitaxy method, etc. are used, and a hydride vapor phase epitaxy method, an organic metal chemical- vapor-deposition 
method, etc. are used as the 2nd vapor growth. If the example of the combination of the 1st vapor growth and the 2nd 
vapor growth is given When the 1 st vapor growth is an organic metal chemical- vapor-deposition method and the 2nd 
vapor growth is a hydride vapor phase epitaxy method, When the 1st vapor growth and 2nd vapor growth are an organic 
metal chemical-vapor-deposition method, respectively, When the 1st vapor growth is a molecular beam epitaxy method 
and the 2nd vapor growth is a hydride vapor phase epitaxy method, it is the case where the 1st vapor growth is a 
molecular beam epitaxy method, and the 2nd vapor growth is an organic metal chemical-vapor-deposition method etc. 
[0014] In this invention, the thickness of the 1st Bw Alx Gay Inz N layer does not have generating of a surface dry area 
or a crack suitably, good crystallinity is also acquired, and it is chosen as the thickness growth moreover does not take 
time amount. The thickness of this 1st Bw Alx Gay Inz N layer is specifically 0.3-10 micrometers, and is 3**2 
micrometers or 1-5 micrometers suitably. 

[0015] In this invention, the 1st Bw Alx Gay Inz N layer and the 2nd Bw Alx Gay Inz N layer may be used as n mold or 
p mold if needed. As an n mold impurity, in this case, typically A kind of element chosen from the group which consists 
of C, Si, germanium and Sn which are IV group element, and S, Se and Te which are VI group element is used at least. 
As a p mold impurity A kind of element chosen from the group which consists of C, Si, germanium and Sn which are IV 
group element, and Be, Mg, calcium, Zn and Cd which are II group element typically is used at least. As a raw material 
of these n mold impurities and p mold impurity, any of a simple substance, an organic compound, or a hydride may be 
used. 

[0016] In this invention, any of the organometallic compound containing simple substances or these III group elements 
may be used as a raw material of B, aluminum, Ga, and In which are an III group element. 

[0017] In this invention, HC1, HF, HBr, HI, etc. can be especially used as hydride gas in a hydride vapor phase epitaxy 
method. 

[0018] Moreover, as an N raw material in the case of growing up the 1st Bw Alx Gay Inz N layer or the 2nd Bw Alx Gay 
Inz N layer by this hydride vapor phase epitaxy method, the raw material of the hydrazine system expressed with the 
general formulas N two R4 (however, R H or an alkyl group), such as a hydrazine besides ammonia, dimethylhydrazine, 
and monomethylhydrazine, an organic amine, etc. can be used. When the example of an organic amine is given, among 
these as a primary amine There are propylamine, isopropylamine, a butylamine, an isobutyl amine, a tertiary butylamine, 
the second butylamine, etc. as a secondary amine There are a dipropyl amine, diisopropylamine, dibutyl amine, 
diisobutylamine, a di-tertiary-butyl amine, the second butylamine, etc. as a tertiary amine Tripropylarnine, a triisopropyl 
amine, tributylamine, A TORIISO butylamine, a TORITASHA rib chill amine, the second butylamine of Tori, There are 
a triaryl amine, triemylarnine, diisopropyl monomemylamine, dipropyl monomethylamine, dibutyl monomemylamine, 
diisobutyl monomethylamine, second butyl monomemylamine of JI, di-tertiary-butyl monomethylamine, etc. 
[0019] In this invention, in case the 2nd Bw Alx Gay Inz N layer is grown up That a defect is generated by this 2nd Bw 
Alx Gay Inz N layer by the difference in the coefficient of thermal expansion between this 2nd Bw Alx Gay Inz N layer 
and substrate, or a crack occurs in order to prevent Suitably, thickness of the substrate at the time of growing up the 2nd 
Bw Alx Gay Inz N layer at least is made below into the thickness of this 2nd Bw Alx Gay Inz N layer. What is necessary 
is just to specifically make that thickness below into the 2nd Bw Alx Gay Inz N layer thickness by etching or wrapping 
this substrate from that rear-face side, before growing up the 2nd Bw Abe Gay Inz N layer, after growing up the 1st Bw 
Alx Gay Inz N layer when using a substrate thicker than the 2nd Bw Alx Gay Inz N layer. Or the substrate of the 
thickness below the thickness of the 2nd Bw Alx Gay Inz N layer may be used from the beginning. Typically, 400 
micrometers or less of thickness of the substrate at the time of growing up the 2nd Bw Alx Gay Inz N layer at least are 
suitably set to 200 micrometers or less, for example. 

[0020] In this invention, in order to obtain the substrate which consists only of a nitride system group III-V 
semiconducter, after growing up the 2nd Bw Alx Gay Inz N layer, a substrate is removed by etching or wrapping a 
substrate. In order to prevent that damage arises on the front face of the 2nd Bw Alx Gay Inz N layer, or contamination 
arises at this time, before removing a substrate, the front face of the 2nd Bw Alx Gay Inz N layer is suitably covered by 
the protective coat. 

[0021] In this invention, a good surface state is acquired for the front face of the 1st Bw Alx Gay Inz N layer or the 2nd 
Bw Alx Gay Inz N layer polishing or by etching. Here, whether it etches depends [ polishing or ] which front face of the 
1st Bw Alx Gay Inz N layer or the 2nd Bw Alx Gay Inz N layer on whether the nitride system group-Ill- V- 
semiconducter layer for semiconductor devices is grown up into which front face. 

[0022] In this invention, silicon on sapphire, a silicon carbide substrate, or a magnesium aluminum spinel substrate is 
used as a substrate. 

[0023] According to this invention constituted as mentioned above, by the 1st vapor growth on a substrate The 1st 
predetermined growth rate, By trying growing up the 1st Bw AlxGay Inz N layer (however, 0<=w<=l, 0<=x<=l, 
0<=y<=l, 0<=z<=l, w+x+y+z=l) with the growth rate of 4 or less micrometer/h suitably This 1st Bw Alx Gay Inz N 
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layer has neither a surface dry area nor a crack, and can also make [ good ] crystallinity good. On this 1st Bw Alx Gay 
Inz N layer, by the 2nd vapor growth And the 2nd larger predetermined growth rate than the 1st predetermined growth 
rate, With the growth rate of 200 or less micrometer/h, suitably more greatly than 4 micrometer/h The 2nd Bw Alx Gay 
Inz N layer By trying growing up (0<=w<=l, 0<=x<=l, 0<=y<=l, 0<=z<=l, w+x+y+z=l) [ however, ] Neither a surface 
dry area nor a crack is like the 1st Bw Alx Gay Inz N layer, and crystallinity can also grow up the 2nd good good Bw 
Alx Gay Inz N layer into sufficient thickness for a short time. Furthermore, a Bw Alx Gay Inz N substrate and a concrete 
target can manufacture for example, a GaN substrate etc. for high productivity by removing after this the substrate used 
for growth of these 1st Bw Alx Gay Inz N layer and the 2nd Bw Alx Gay Inz N layer. 
[0024] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about the operation gestalt of this invention. 
[0025] First, the manufacture approach of the GaN substrate by the 1st operation gestalt of this invention is explained. 
[0026] Drawing 1 is the sectional view showing the manufacture approach of the GaN substrate by this 1st operation 
gestalt in order of a process. 

[0027] It is H2 as carrier gas within the reaction as shown in drawing 1 R>1 A, after putting in first the c-th page silicon 
on sapphire 1 whose thickness is 450nm in this 1st operation gestalt within [ of the MOCVD system which carried out 
the illustration abbreviation ] a reaction. N2 Thermal cleaning of the front face of that c-th page silicon on sapphire 1 is 
carried out by performing heat treatment for mixed gas for 20 minutes with a sink, for example, 1050 degrees C. Next, 
after lowering substrate temperature to 510 degrees C, the trimethylgallium (TMG and Ga (CH3)3) as the ammonia 
(NH3) and Ga raw material as an N raw material is supplied within a reaction, and a GaN buffer layer (not shown) is 
grown up on c-th page silicon on sapphire 1. Next, the supply of TMG to a reaction within the pipe one is suspended, and 
it is NH3. After supply raises growth temperature to about 1000 degrees C, continuing as it is, it supplies TMG within a 
reaction again and grows up the GaN layer 2 with the growth rate of 4 or less micrometer/h. Thickness of this GaN layer 
2 is set to 3 micrometers. Thus, generating of a surface dry area, a crack, etc. is suppressed and the GaN layer 2 which 
grew with the growth rate of 4 or less micrometer/h by the MOCVD method is a good thing which also has good 
crystallinity. 

[0028] Following on growth of the GaN layer 2, S film (not shown) is grown up on the GaN layer 2 in a reaction within 
the pipe one by using diethyl sulfur (DES and S (C two H5)2) as a raw material, and it is a wrap about the front face of 
this GaN layer 2. Then, c-th page silicon on sapphire 1 is taken out from a coil. The reason for covering the front face of 
the GaN layer 2 by S film here, before taking out c-th page silicon on sapphire 1 from a coil in this way If c-th page 
silicon on sapphire 1 is taken out from a coil after the front face of the GaN layer 2 has been exposed, and it exposes to 
atmospheric air the front face of the GaN layer 2 pollutes — having — after ~ this GaN layer 2 top - Hydride VPE — 
since there is a possibility of doing a bad influence in case a GaN layer is grown up by law, it is for preventing this. 
[0029] next, the thing for which c-th page silicon on sapphire 1 is wrapped from that rear- face side — the thickness of this 
c-th page silicon on sapphire 1 — the following process — Hydride VPE — it carries out to below the thickness of the GaN 
layer grown up by law. This is for preventing that a defect is generated by this GaN layer or a crack occurs by the 
difference in the coefficient of thermal expansion between c-th page silicon on sapphire 1 and this GaN layer, then, it is 
shown in drawing 1 B — as — the GaN layer 2 top on c-th page silicon on sapphire 1 — Hydride VPE — the GaN layer 3 
of sufficient thickness (for example, 200 micrometers) is grown homoepitaxially by law. 

[0030] Specifically, growth of this GaN layer 3 is performed as follows using the hydride VPE equipment shown in 
drawing 2 R> 2. That is, the c-th page silicon on sapphire 1 into which the GaN layer 2 was grown up is placed on the 
susceptor 12 installed in the coil 1 1 made from the quartz glass of the hydride VPE equipment shown in drawing 2 . It is 
separated into the part of two upper and lower sides by the diaphragm 13, and the upper part of a coil 1 1 places the boat 
15 which put in Gal 4 which is the raw material of a simple substance on the diaphragm 13 in the part of the top. While 
supplying HC1 gas to the part of the diaphragm 13 top of a coil 1 1 with which this boat 15 was placed through piping 16, 
piping 17 is minded, and it is N2. Gas can be supplied now as carrier gas. Moreover, piping 18 is minded [ of the 
diaphragm 13 bottom of a coil 11], and it is NH3. While supplying gas, piping 19 is minded, and it is N2. Gas can be 
supplied now as carrier gas. Here, at the heater 20 installed outside, the coil 1 1 is heated so that a necessary temperature 
gradient may be attached to the longitudinal direction. Signs 21-24 show the massflow controller for the control of flow 
of gas. 

[003 1] In advance of growth of the GaN layer 3, first, by heating c-th page silicon on sapphire 1 to growth temperature in 
a coil 1 1, S film of the front face of the GaN layer 2 is evaporated, and it removes. In order to prevent that N is desorbed 
from the GaN layer 2 at the time of this heating at this time, in a coil 1 1 , it is NH3. Gas is passed. 
[0032] Thus, it is N2 as HC1 gas and carrier gas to the part of the diaphragm 13 top of the coil 1 1 after removing S film. 
While supplying gas, it is NH3 to the part of the diaphragm 13 bottom of a coil 1 1 . N2 as gas and carrier gas Gas is 
supplied. NH3 which GaCl was generated by the reaction of HC1 and Gal 4 in the part of the diaphragm 13 top of a coil 
11, and was supplied to the part of the diaphragm 13 bottom of this GaCl and a coil 1 1 at this time By joining in the 
upper part of a susceptor 12, the GaN layer 3 grows on the GaN layer 2 on c-th page silicon on sapphire 1. More greatly 
than 4 micrometer/h, within the limits of 200 or less micrometer/h, the growth rate of this GaN layer 3 is chosen as 
greatly as possible, as long as there is no other trouble. When an example of the typical growth conditions at this time is 
given, a HC1 flow rate is 20micromol/min and NH3. A flow rate is 1SLM and N2. The temperature of the part of the c-th 
page silicon on sapphire 1 by which the temperature of the near [ Gal 4 ] in 0.5SLM(s) and a boat 15 was placed for the 
flow rate on 800 degrees C and a susceptor 12 is 980 degrees C. In addition, finally the gas supplied in the coil 1 1 is sent 
to damage elimination equipment, and damage elimination processing is performed. 

[0033] Next, after taking out the c-th page silicon on sapphire 1 to which carried out in this way and the GaN layer 3 
grew up to be from a coil 1 1, as it is shown in drawing 1 C, it is Si02 on the GaN layer 3 by the CVD method. The film 
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4 is formed and it is a wrap about the front face of this GaN layer 3. 

[0034] Next, as shown in drawing 1 D, etching removal of the c-th page silicon on sapphire 1 is carried out for example, 
by the wet etching method. This wet etching is H3 P04-H2 S04. It carries out at 285 degrees C using the etching reagent 
(H3 P04 : for example, H2 SO 4 = 1:1) of a system. Furthermore, it is Si02 by the wet etching method, for example, 
using the etching reagent of HF system. Etching removal of the film 4 is carried out. 

[0035] Then, in using the front face of the GaN layer 3 as a growth front face and using the front face of the GaN layer 2 
for the front face of this GaN layer 3 as a growth front face again, while carrying out flattening of the front face of this 
GaN layer 2 by performing etching or polishing using a gas-phase-etching method, a liquid phase chemical etching 
method, the mechanical chemistry polishing method, etc., it considers as a good surface state. 

[0036] by the above, it is shown in drawing 1 E — as — MOCVD — the thin GaN layer 2 which grew by law, and a it top 

— Hydride VPE — the GaN substrate of the single crystal which consists of a GaN layer 3 thick enough which grew by 
law is manufactured. 

[0037] as mentioned above — according to this 1st operation gestalt — the c-th page silicon-on- sapphire 1 top — MOCVD 

— by growing up the thin GaN layer 2 with the growth rate of 4 or less micrometer/h by law, generating of the surface 
dry area of the GaN layer 2 or a crack is suppressed, and crystallinity can also be made good, and this good GaN layer 2 
top — Hydride VPE — more gTeatly than 4 micrometer/h, with the growth rate of 200 or less micrometer/h, by growing 
up the GaN layer 3 thick enough used as the principal part of a substrate, generating of the surface dry area of this GaN 
layer 3 or a crack can be suppressed, and crystallinity can also be made good by law. By this, a good GaN substrate can 
be obtained by removing c-th page silicon on sapphire 1 after that, moreover, the hydride VPE with a very large growth 
rate to growth of the thick GaN layer 3 which constitutes the principal part of this GaN substrate — although time amount 
required to grow up the GaN layer 3 with a thickness of 200 micrometers, for example since law is used is based also on 
the growth rate to be used, it can be managed with about several hours and a short time, for example, and is high. [ of 
productivity ] Furthermore, this GaN substrate can be made into the thing of the large area more than the diameter of 2 
inch, corresponding to the path of the c-th page silicon on sapphire 1 to be used. 

[0038] Thus, the GaN substrate manufactured is used for manufacture of various kinds of semiconductor devices which 
used the nitride system group III-V semiconducter, and is suitable, namely, this GaN substrate top — MOCVD — various 
kinds of semiconductor devices can be manufactured by growing up a nitride system group-Ill- V-semiconducter layer by 
law etc. When growing up a nitride system group-III-V-semiconducter layer on this GaN substrate and manufacturing 
semiconductor laser especially, the resonator end face of semiconductor laser can be easily formed by carrying out 
cleavage of these nitride system group-EQ- V-semiconducter layers with a GaN substrate. Furthermore, the GaN substrate 
of n mold, then n mold can be obtained for the GaN layers 2 and 3, the GaN substrate of p mold, then p mold can be 
obtained for the GaN layers 2 and 3, and the advantage that n mold electrode or p mold electrode can be formed in the 
rear face of a GaN substrate in these cases can be acquired. It is possible to manufacture highly reliable semiconductor 
laser by the high yield by this. 

[0039] Next, the 2nd operation gestalt of this invention is explained. 

[0040] the GaN layer 3 which constitutes the principal part of a GaN substrate in this 2nd operation gestalt — Hydride 
VPE — a thing as shown in drawing 3 as hydride VPE equipment for making it grow up by law is used. Since other 
things are the same as that of the 1st operation gestalt, explanation is omitted. 

[0041] As shown in drawing 3 , in this hydride VPE equipment, the c-th page silicon on sapphire 1 into which the GaN 
layer 2 was grown up is placed on the susceptor 32 installed in the coil 31 made from quartz glass, and the upper part of a 
coil 31 is separated into the part of two upper and lower sides by the diaphragm 33. In this case, piping 36 is minded in 
the bubbler 35 put into this TMG34 using TMG34 which is an organometallic compound as a Ga raw material, and it is 
N2. While supplying gas as carrier gas and supplying the TMG gas which occurs by bubbling by it to the part of the 
diaphragm 33 top of a coil 31 through piping 37, piping 38 is minded, and it is N2. Gas is supplied as carrier gas. A sign 
39 shows bypass piping. Closing motion of bulbs 40 and 41 performs the switch between piping 37 and the bypass 
piping 39 of TMG gas which are supplied from a bubbler 35. Furthermore, while supplying HC1 gas to the part of the 
diaphragm 33 top of a coil 3 1 through piping 42, piping 43 is minded, and it is N2. Gas can be supplied now as carrier 
gas. On the other hand, piping 44 is minded [ of the diaphragm 33 bottom of a coil 31], and it is NH3. While supplying 
gas, piping 45 is minded, and it is N2. Gas can be supplied now as carrier gas. Here, at the heater 46 installed outside, the 
coil 31 is heated so that a necessary temperature gradient may be attached to the longitudinal direction. Signs 47-52 show 
the massflow controller for the control of flow of gas. 

[0042] Also according to this 2nd operation gestalt, the same advantage as the 1st operation gestalt can be acquired. 
[0043] Next, the 3rd operation gestalt of this invention is explained. In the 1st operation gestalt and the 2nd operation 
gestalt, although the case where a GaN substrate was manufactured was explained, in this 3rd operation gestalt, the case 
where a Gal-x Inx N substrate (however, 0< x<=l) is manufactured is explained. 

[0044] this 3rd operation gestalt is first shown in drawing 4 R>4A — as — the 1st operation gestalt — the same — carrying 
out — for example, MOCVD — the Gal-x Inx N layer 62 is grown up with the growth rate of 4 or less micrometer/h on c- 
th page silicon on sapphire 61 by law. Here, in this Gal-x Inx N layer 62, it is 0< x<— 1. 

[0045] Following on growth of the Gal-x Inx N layer 62, S film (not shown) is grown up on the Gal-x Inx N layer 62 by 
using DES as a raw material in the reaction within the pipe one of an MOCVD system, and it is a wrap about the front 
face of this Gal-x Inx N layer 62. Then, c-th page silicon on sapphire 61 is taken out from a coil. Thus, in the 1st 
operation gestalt, the reason for covering the front face of the Gal-x Inx N layer 62 by S film, before taking out c-th page 
silicon on sapphire 61 from a coil is the same as the reason for covering the front face of the GaN layer 2 by S film, 
before taking out c-th page silicon on sapphire 1 from a coil. 

[0046] next, the thing for which c-th page silicon on sapphire 61 is wrapped from that rear-face side — the thickness of 
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this c-th page silicon on sapphire 61 — the following process — Hydride VPE — it carries out to below the Gal-x Inx N 
layer thickness grown up by law. This is for preventing that a defect is generated by this Gal-x Inx N layer, or a crack 
occurs by the difference in the coefficient of thermal expansion between c-th page silicon on sapphire 61 and this Gal-x 
Inx N layer, then, it is shown in drawing 4 B — as ~ the Gal-xlnx N layer 62 top on c-th page silicon on sapphire 61 -- 
Hydride VPE — the Gal-x Inx N layer 63 of sufficient thickness (for example, 200 micrometers) is grown up by law. 
[0047] Specifically, growth of this Gal-x Inx N layer 63 is performed as follows using the hydride VPE equipment 
shown in drawing 5 . That is, the c-th page silicon on sapphire 61 into which the Gal-x Inx N layer 62 was grown up is 
placed on the susceptor 72 installed in the coil 7 1 made from the quartz glass of the hydride VPE equipment shown in 
drawing 5 . It is separated into three parts by diaphragms 73 and 74, and the upper part of a coil 71 places the boat 76 
which put in In75 which is the raw material of a simple substance on the diaphragm 74 in the part of the maximum upper 
case, and places the boat 78 which put in Ga77 which is the raw material of a simple substance on the diaphragm 73 in 
the part of the middle. While supplying HC1 gas through piping 79, N2 gas can be supplied to the part of the diaphragm 
74 top of a coil 71 with which the boat 76 was placed as carrier gas through piping 80. Moreover, while supplying HC1 
gas to the part between the diaphragm 73 of a coil 71, and a diaphragm 74 through piping 81, piping 82 is minded, and it 
is N2. Gas can be supplied now as carrier gas. Furthermore, piping 83 is minded [ of the bottom of a coil 71 ] and it is 
NH3. While supplying gas, piping 84 is minded, and it is N2. Gas can be supplied now as carrier gas. Here, at the heater 
85 installed outside, the coil 71 is heated so that a necessary temperature gradient may be attached to the longitudinal 
direction. Signs 86-91 show the massflow controller for the control of flow of gas. 

[0048] In advance of growth of the Gal-x Inx N layer 63, first, by heating c-th page silicon on sapphire 61 to growth 
temperature in a coil 71, S film of the front face of the Gal-x Inx N layer 62 is evaporated, and it removes. In order to 
prevent that N is desorbed from the Gal-x Inx N layer 62 at the time of this heating at this time, in a coil 71, it is NH3. 
Gas is passed. 

[0049] Thus, it is N2 as HC1 gas and carrier gas to the part of the diaphragm 74 top of the coil 71 after removing S film. 
Gas is supplied and it is N2 as HC1 gas and carrier gas to the part between the diaphragm 73 of a coil 71 , and a 
diaphragm 74. Gas is supplied and it is NH3 to the part of the diaphragm 73 bottom of a coil 71 . N2 as gas and carrier 
gas Gas is supplied. While InCl is generated by the reaction of HC1 and In75 in the part of the diaphragm 74 top of a coil 
71 at this time, GaCl is generated by the reaction of HC1 and Ga77 in the part between the diaphragm 73 of a coil 71, and 
a diaphragm 74. And these InCl(s) and GaCl(s), and NH3 supplied to the part of the diaphragm 73 bottom of a coil 71 By 
joining in the upper part of a susceptor 72, the Gal-x Inx N layer 63 grows on the Gal-x Inx N layer 62 on c-th page 
silicon on sapphire 61. More greatly than 4 micrometer/h, within the limits of 200 or less micrometer/h, the growth rate 
of this Gal-x Inx N layer 63 is chosen as greatly as possible, as long as there is no other trouble. When an example of the 
typical growth conditions at this time is given, a HC1 flow rate is 20micromoVmin and NH3. A flow rate is 1SLM and 
N2. The temperature of the part of the c-th page silicon on sapphire 61 by which the temperature of the near [ Ga77 ] in 
750 degrees C and a boat 78 was placed [ the flow rate ] for the temperature of the near [ In75 ] in 0.5SLM(s) and a boat 
76 on 800 degrees C and a susceptor 72 is 980 degrees C. In addition, finally the gas supplied in the coil 71 is sent to 
damage elimination equipment, and damage elimination processing is performed. 

[0050] Next, after taking out the c-th page silicon on sapphire 61 to which carried out in this way and the Gal-x Inx N 
layer 63 grew up to be from a coil 71, as it is shown in drawing 4 C, it is Si02 on the Gal-x Inx N layer 63 by the CVD 
method. The film 64 is formed and it is a wrap about the front face of this Gal-x InxN layer 63. 

[0051] Next, as shown in drawing 4 D, etching removal of the c-th page silicon on sapphire 61 is carried out for example, 
by the wet etching method. This wet etching is H3 P04-H2 S04. It carries out at 285 degrees C using the etching reagent 
(H3 P04 : for example, H2 SO 4 = 1:1) of a system. Furthermore, it is Si02 by the wet etching method, for example, 
using the etching reagent of HF system. Etching removal of the film 64 is carried out. 

[0052] In using the front face of the Gal-x Inx N layer 63 as a growth front face, then, the front face of this Gal-x Inx N 
layer 63 In using the front face of the Gal-x Inx N layer 62 as a growth front face, moreover, the front face of this Gal-x 
Inx N layer 62 While carrying out flattening by perfonning etching or polishing using a gas-phase-etching method, a 
liquid phase chemical etching method, the mechanical chemistry polishing method, etc., it considers as a good surface 
state. 

[0053] by the above, it is shown in drawing 4 E ~ as — MOCVD -- the thin Gal-x Inx N layer 62 which grew by law, 
and a it top - Hydride VPE - the Gal-x Inx N substrate of the single crystal which consists of a Gal-x Inx N layer 63 
thick enough which grew by law is manufactured. 

[0054] as mentioned above — according to this 3rd operation gestalt — the c-th page silicon-on-sapphire 61 top — 
MOCVD — by growing up the thin Gal-x Inx N layer 62 with the growth rate of 4micrometers/h or less by law, 
generating of the surface dry area of the Gal-x Inx N layer 62 or a crack is suppressed, and crystallinity can also be made 
good, and this good Gal-x Inx N layer 62 top — Hydride VPE — with the growth rate of 200 or less micrometer/h by law 
more greatly than 4 micrometer/h By growing up the Gal-x InxN layer 63 thick enough used as the principal part of a 
substrate Generating of the surface dry area of this Gal-x Inx N layer 63 or a crack can be suppressed, crystallinity can 
also be made good, and a good Gal-x Inx N substrate can be obtained by this, moreover, the hydride VPE with a very 
large growth rate to growth of the thick Gal-x Inx N layer 63 which constitutes the principal part of this Gal-x Inx N 
substrate — although time amount required to obtain a Gal-x Inx N substrate with a thickness of 200 micrometers, for 
example since law is used is based also on the growth rate to be used, it can be managed with about several hours and a 
short time, for example, and is high. [ of productivity ] Furthermore, this Gal-x Inx N substrate can be made into the 
thing of the large area more than the diameter of 2 inch, corresponding to the path of the c-th page silicon on sapphire 61 
to be used. 

[0055] Thus, the Gal-x Inx N substrate manufactured is used for manufacture of various kinds of semiconductor devices 
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which used the nitride system group III-V semiconducter, and is suitable, namely, this Gal-x Inx N substrate top — 
MOCVD — various kinds of semiconductor devices can be manufactured by growing up a nitride system group-H[-V- 
semiconducter layer by law etc. When growing up a nitride system group-Ill- V-semiconducter layer on this Gal-x Inx N 
substrate and manufacturing semiconductor laser especially, the resonator end face of semiconductor laser can be easily 
formed by carrying out cleavage of these nitride system group-Ill- V-semiconducter layers with a Gal-x Inx N substrate. 
Furthermore, the Gal-x Inx N substrate of n mold, then n mold can be obtained for the Gal-x InxN layers 62 and 63. The 
Gal-x Inx N substrate of p mold, then p mold can be obtained for the Gal-x Inx N layers 62 and 63, and the advantage 
that n mold electrode or p mold electrode can be formed in the rear face of a Gal-x Inx N substrate in these cases can be 
acquired. It is possible to manufacture highly reliable semiconductor laser by the high yield by this. 
[0056] Next, the 4th operation gestalt of this invention is explained. Although the case where a GaN substrate was 
manufactured in the 1st operation gestalt and the 2nd operation gestalt was explained and the case where a Gal-x Inx N 
substrate was manufactured in the 3rd operation gestalt was explained More generally in this 4th operation gestalt, the 
case where a Bw Alx Gay Inz N (however, 0<=w<=l, 0<=x<=l, 0<=y<=l, 0<=z<=l, w+x+y+z=l) substrate is 
manufactured is explained. 

[0057] In this 4th operation gestalt, first, as shown in drawing 6 R>6A, the BwAlx Gay Inz N layer 102 is grown up on 
c-th page silicon on sapphire 101 by the MOCVD method like the 1st operation gestalt. However, in this Bw Alx Gay 
Inz N layer 1 02, it is 0<=w<= 1 , 0<=x<= 1 , 0<=y<= 1 , 0<=z<= 1 , and w+x+y+z= 1 . 

[0058] Following on growth of the Bw Abe Gay Inz N layer 102, S film (not shown) is grown up on the Bw Alx Gay Inz 
N layer 102 by using DES as a raw material in the reaction within the pipe one of an MOCVD system, and it is a wrap 
about the front face of this Bw Alx Gay Inz N layer 102. Then, c-th page silicon on sapphire 101 is taken out from a coil. 
Thus, in the 1st operation gestalt, the reason for covering the front face of the Bw Alx Gay Inz N layer 102 by S film, 
before taking out c-th page silicon on sapphire 101 from a coil is the same as the reason for covering the front face of the 
GaN layer 2 by S film, before taking out c-th page silicon on sapphire 1 from a coil. 

[0059] next, the thing for which c-th page silicon on sapphire 101 is wrapped from that rear-face side ~ the thickness of 
this c-th page silicon on sapphire 101 — the following process — Hydride VPE — it carries out to below the thickness of 
the Bw Alx Gay Inz N layer grown up by law. This is for preventing that originate in the difference of the coefficient of 
thermal expansion between c-th page silicon on sapphire 10 1 and this Bw Alx Gay Inz N layer, and a defect is generated 
by this Bw Alx Gay Inz N layer, or a crack occurs, then, it is shown in drawing 6 B — as — the Bw Alx Gay Inz N layer 
102 top on c-th page silicon on sapphire 101 — Hydride VPE - the Bw Alx Gay Inz N layer 103 of sufficient thickness 
(for example, 200 micrometers) is grown up by law. 

[0060] Specifically, growth of this Bw Alx Gay Inz N layer 103 is performed as follows using the hydride VPE 
equipment shown in drawing 7 . That is, the c-th page silicon on sapphire 101 into which the Bw Abe Gay Inz N layer 
102 was grown up is placed on the susceptor 112 installed in the coil 111 made from the quartz glass of the hydride VPE 
equipment shown in drawing 7 . The upper part of a coil 1 1 1 is separated into five parts by diaphragms 113, 114, 115, 
and 1 16. In this case, the trimethylaluminum (TMA and aluminum (CH3)3) 118 which is an organometallic compound 
as an aluminum raw material is used using the triethyl boron (TEB and B (C two_H5)3) 117 which is an organometallic 
compound as a B raw material. And piping 120 is minded in the bubbler 1 19 put into TEB1 17, and it is N2. Gas is 
supplied as carrier gas and the TEB gas which occurs by bubbling by it is supplied to the part of the diaphragm 116 top 
of a coil 1 1 1 through piping 121. HC1 gas is further supplied to the part of the diaphragm 1 16 top of this coil 1 1 1 through 
piping 122. moreover, bubbler 120' put into TMA1 18 — inside — piping 123 — minding ~ N2 Gas is supplied as carrier 
gas and the TMA gas which occurs by bubbling by it is supplied to the part between the diaphragm 1 1 5 of a coil 111, and 
a diaphragm 116 through piping 124. Signs 125 and 126 show bypass piping. Here, closing motion of bulbs 127 and 128 
performs the switch between piping 121 and the bypass piping 125 of TEB gas which are supplied from a bubbler 119. 
Moreover, closing motion of bulbs 129 and 130 performs the switch between the TMA gas bypass piping 126 supplied 
from a bubbler 120. On the diaphragm 1 14 in the part between the diaphragm 1 14 of a coil 111, and a diaphragm 1 15, 
the boat 132 into which In 13 1 which is the raw material of a simple substance was put is placed. While supplying HC1 
gas to the part between the diaphragms 1 14 of a coil 111 and diaphragms 115 with which this boat 132 was placed 
through piping 133, piping 134 is minded, and it is N2. Gas can be supplied now as carrier gas. Moreover, on the 
diaphragm 1 13 in the part between the diaphragm 1 13 of a coil 111, and a diaphragm 1 14, the boat 136 into which 
Gal35 which is the raw material of a simple substance was put is placed. While supplying HC1 gas to the part between 
the diaphragms 1 13 of a coil 1 1 1 and diaphragms 1 14 with which this boat 136 was placed through piping 137, piping 
138 is minded, and it is N2. Gas can be supplied now as carrier gas. Furthermore, piping 139 is minded [ of the 
diaphragm 113 bottom of a coil 111], and it is NH3. While supplying gas, piping 140 is minded, and it is N2. Gas can be 
supplied now as carrier gas. Here, at the heater 141 installed outside, the coil 1 1 1 is heated so that a necessary 
temperature gradient may be attached to the longitudinal direction. Signs 142-151 show the massflow controller for the 
control of flow of gas. 

[0061] In advance of growth of the Bw Alx Gay Inz N layer 103, first, by heating c-th page silicon on sapphire 101 to 
growth temperature in a coil 1 1 1 , S film of the front face of the B w Alx Gay Inz N layer 1 02 is evaporated, and it 
removes. In order to prevent that N is desorbed from the Bw Alx Gay Inz N layer 62 at the time of this heating at this 
time, in a coil 1 1 1, it is NH3. Gas is passed. 

[0062] Thus, after removing S film, TEB gas and HC1 gas are supplied to the part of the diaphragm 1 16 top of a coil 111. 
TMA gas and HC1 gas are supplied to the part between the diaphragm 1 15 of a coil 111, and a diaphragm 1 16. It is N2 as 
HC1 gas and carrier gas to the part between the diaphragm 1 14 of a coil 111, and a diaphragm 115. Gas is supplied. It is 
N2 as HC1 gas and carrier gas to the part between the diaphragm 1 13 of a coil 111, and a diaphragm 114. Gas is supplied 
and it is NH3 to the part of the diaphragm 113 bottom of a coil 1 1 1. N2 as gas and carrier gas Gas is supplied. While 
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InCl is generated by the reaction of HC1 and Inl31 in the part between the diaphragm 1 14 of a coil 111, and a diaphragm 
1 15 at this time, GaCl is generated by the reaction of HC1 and Gal 35 in the part between the diaphragm 1 13 of a coil 
111, and a diaphragm 1 14. And NH3 supplied to the part of the these InCl(s) and GaCl(s), TEB gas [ which was supplied 
to the part of the diaphragm 116 top of a coil 111], TMA gas [ which was supplied to the part between the diaphragm 
1 15 of a coil 111 and a diaphragm 116], and diaphragm 1 13 bottom of a coil 1 1 1 By joining in the upper part of a 
susceptor 1 12, the BwAlx Gay Inz N layer 103 grows on the Bw Alx Gay Inz N layer 102 on c-th page silicon on 
sapphire 101. More greatly than 4 micrometer/h, within the limits of 200 or less micrometer/h, the growth rate of this Bw 
Abe Gay Inz N layer 103 is chosen as greatly as possible, as long as there is no other trouble. When an example of the 
typical growth conditions at this time is given, a TEB flow rate 40micromol/min, A TMA flow rate 50micromol/min and 
a HC1 flow rate 20rnicromol/min, NH3 A flow rate is 1SLM and N2. The temperature of the part of the c-th page silicon 
on sapphire 101 by which the temperature of the near [ Gal35 ] in 750 degrees C and a boat 136 was placed [ the flow 
rate ] for the temperature of the near [ Inl31 ] in 0.5SLM(s) and a boat 132 on 800 degrees C and a susceptor 1 12 is 980 
degrees C. 

[0063] Next, after taking out the c-th page silicon on sapphire 101 to which carried out in this way and the Bw Alx Gay 
Inz N layer 103 grew up to be from a coil 1 1 1 , as it is shown in drawing 6 C, it is Si02 on the Bw Alx Gay Inz N layer 
103 by the CVD method. The film 104 is formed and it is a wrap about the front face of this Bw Alx Gay Inz N layer 
104. 

[0064] Next, as shown in drawing 6 D, etching removal of the c-th page silicon on sapphire 101 is carried out for 
example, by the wet etching method. This wet etching is H3P04-H2 S04. It carries out at 285 degrees C using the 
etching reagent (H3 P04 : for example, H2 SO 4 = 1 : 1) of a system Then, it is Si02 by the wet etching method, for 
example, using the etching reagent of HF system. Etching removal of the film 104 is carried out. 

[0065] Then, in using the front face of the Bw Alx Gay Inz N layer 103 as a growth front face and using the front face of 
the Bw Alx Gay Inz N layer 102 for the front face of this Bw Alx Gay Inz N layer 103 as a growth front face again, 
while carrying out flattening of the front face of this Bw Alx Gay Inz N layer 102 by performing etching or polishing 
using a gas-phase-etching method, a liquid phase chemical etching method, the mechanical chemistry polishing method, 
etc., it considers as a good surface state. 

[0066] by the above, it is shown in drawing 6 E — as — MOCVD — the thin Bw Alx Gay Inz N layer 1 02 which grew by 
law, and a it top — Hydride VPE — the Bw Alx Gay Inz N substrate of the single crystal which consists of a Bw Alx Gay 
Inz N layer 103 thick enough which grew by law is manufactured. 

[0067] as mentioned above - according to this 4th operation gestalt — the c-th page silicon-on-sapphire 101 top — 
MOCVD — by growing up the thin Bw Alx Gay Inz N layer 102 with the growth rate of 4micrometers/h or less by law, 
generating of the surface dry area of the Bw Alx Gay Inz N layer 102 or a crack is suppressed, and crystallinity can also 
be made good, and this good Bw Alx Gay Inz N layer 102 top ~ Hydride VPE — by growing up the Bw Alx Gay Inz N 
layer 103 thick enough which serves as the principal part of a substrate by law, generating of the surface dry area of this 
Bw Alx Gay Inz N layer 103 or a crack can be suppressed, crystallinity can also be made good, and a good Bw Alx Gay 
Inz N substrate can be obtained by this, moreover, the hydride VPE with a very large growth rate to growth of the thick 
Bw Alx Gay Inz N layer 103 which constitutes the principal part of this Bw Alx Gaylnz N substrate — although time 
amount required to obtain a GaN substrate with a thickness of 200 micrometers, for example since law is used is based 
also on the growth rate to be used, it can be managed with about several hours and a short time, for example, and is high. 
[ of productivity ] Furthermore, this Bw AlxGay Inz N substrate can be made into the thing of the large area more than 
the diameter of 2 inch, corresponding to the path of the c-th page silicon on sapphire 101 to be used. 
[0068] Thus, the Bw Alx Gay Inz N substrate manufactured is used for manufacture of various kinds of semiconductor 
devices which used the nitride system group III-V semiconducter, and is suitable, namely, this Bw Alx Gay Inz N 
substrate top — MOCVD — various kinds of semiconductor devices can be manufactured by growing up a nitride system 
group-HI- V-semiconducter layer by law etc. When growing up a nitride system group-El- V-semiconducter layer on this 
Bw Alx Gay Inz N substrate and manufacturing semiconductor laser especially, the resonator end face of semiconductor 
laser can be easily formed by carrying out cleavage of these nitride system group-Ill- V-semiconducter layers with a B w 
Alx Gay Inz N substrate. Furthermore, the Bw Alx Gay Inz N substrate of n mold, then n mold can be obtained for the 
Bw Alx Gay Inz N layers 102 and 103, the Bw Alx Gay Inz N substrate of p mold, then p mold can be obtained for the 
Bw Alx Gay Inz N layers 102 and 103, and the advantage that n mold electrode or p mold electrode can be formed in the 
rear face of a B w Alx Gay Inz N substrate in these cases can be acquired. It is possible to manufacture highly reliable 
semiconductor laser by the high yield by this. 

[0069] As mentioned above, although the operation gestalt of this invention was explained concretely, this invention is 
not limited to an above-mentioned operation gestalt, and various kinds of deformation based on the technical thought of 
this invention is possible for it. 

[0070] for example, above-mentioned the 1- it may not pass over the numeric value, the substrate, and material gas 
which were mentioned in the 4th operation gestalt for an example to the last, but a numeric value, a substrate different if 
needed, and material gas different if needed may be used. Specifically, they are a SiC substrate and MgAl 204 as well as 
using the silicon on sapphire of other field bearings instead of c-th page silicon on sapphire 1 and 61,101. A substrate etc. 
may be used. Moreover, as a Ga raw material, TEG may be used instead of TMG. 

[0071] Moreover, it sets in the 1st above-mentioned operation gestalt. wrapping c-th page silicon on sapphire 1 from the 
rear-face side, after growing up the GaN layer 2 on c-th page silicon on sapphire 1 — c-th page silicon on sapphire 1 — 
after that - Hydride VPE, although it is made thinner than the thick GaN layer 3 which grows by law You may make it 
grow up the GaN layer 2 and the GaN layer 3 on it using c-th page silicon on sapphire 1 thinner than the GaN layer 3 
from the beginning. Also in the 3rd and 4th operation gestalten, it is the same. 
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[0072] moreover — growth of the GaN layer 2 in the 1 st above-mentioned operation gestalt, the Ga 1 -x Inx N layer 62 in 
the 2nd operation gestalt, and the Bw Alx Gay Inz N layer 102 in the 3rd operation gestalt — MBE — law may be used. 
Moreover, the SiN film formed for example, by the plasma-CVD method etc. may be used instead of Si02 film 4 and 
64,104 as a protective coat. 

[0073] furthermore, the 1st above-mentioned operation gestalt ~ setting — the front face of the GaN layer 2 — S film of a 
wrap sake — MOCVD — the c-th page silicon on sapphire 1 into which this S film grew up the GaN layer 2 although it is 
made to grow up by law about time amount, for example, a 1 -minute room, suitable in an ammonium sulfide (NH4) (2 
Sx) — fonning is also possible by dipping. In this case, after forrning S film, pure water washes, and it is N2 after that. It 
is made to dry by blowing. In the 3rd operation gestalt, the same is [ front face / of the Gal-x Inx N layer 62 / in / film / 
of a wrap sake / S / the 4th operation gestalt ] said of S film of a wrap sake in the front face of the Bw Alx Gay Inz N 
layer 102. 

[0074] Furthermore, in the 1st operation gestalt, c-th page silicon on sapphire 1 may be able to be taken out without 
forming S film within [ of an MOCVD system ] a reaction depending on the case, and a clean surface may be able to be 
acquired only by carrying out thermal cleaning of the front face by heating for example, to growth temperature within 
[ of hydride VPE equipment ] a reaction. 

[0075] Furthermore, as carrier gas, it is N2. The inert gas of an except may be used and hydrogen may be included if 

needed. 

[0076] 

[Effect of the Invention] The process which grows up the 1st Bw Alx Gay Inz N layer with the 1st predetermined growth 
rate by the 1st vapor growth on a substrate according to this invention as explained above, By having the process which 
grows up the 2nd Bw Alx Gay Inz N layer by the 2nd vapor growth on the 1st Bw Alx Gay Inz N layer with the 2nd 
larger predetermined growth rate than the 1st predetermined growth rate There is neither a surface dry area nor a crack, 
and crystallinity can also make [ good ] good these 1st Bw Alx Gay Inz N layer and the 2nd Bw Alx Gay Inz N layer. 
Moreover, the 2nd Bw Alx Gay Inz N layer can be grown up into thickness sufficient in a short time. And a Bw Alx Gay 
Inz N substrate and a concrete target can manufacture for example, a GaN substrate etc. for high productivity by 
removing after this the substrate used for growth of these 1 st B w Alx Gay Inz N layer and the 2nd Bw Alx Gay InzN 
layer. 



[Translation done.] 



http ://www4 . ipdl .ncipi . go . j p/cgi-bin/tran_web_cgi_ej j e 



3/3/2006 



JP,2001-313254,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining the manufacture approach of the GaN substrate by the 1st operation 
gestalt of this invention. 

[Drawing 2] It is the approximate line Fig. showing an example of the hydride VPE equipment used for manufacture of 
the GaN substrate by the 1st operation gestalt of this invention. 

[Drawing 3] It is the approximate line Fig. showing an example of the hydride VPE equipment used for manufacture of 
the GaN substrate by the 2nd operation gestalt of this invention. 

[Drawing 41 It is a sectional view for explaining the manufacture approach of the Gal-x Inx N substrate by the 3rd 
operation gestalt of this invention. 

[Drawing 5] It is the approximate line Fig. showing an example of the hydride VPE equipment used for manufacture of 
the Gal-x Inx N substrate by the 3rd operation gestalt of this invention. 

[Drawing 6] It is a sectional view for explaining the manufacture approach of the Bw Alx Gay Inz N substrate by the 4th 
operation gestalt of this invention. 

[Drawing 7] It is the approximate line Fig. showing an example of the hydride VPE equipment used for manufacture of 
the Bw Alx Gay Inz N substrate by the 4th operation gestalt of this invention. 
[Description of Notations] 

2 1, the 61,101...c-th page silicon on sapphire, 3 ... 4 A GaN layer, 64,104 ... Si02 1 1 The film, 71,1 1 1 [ ... Bw Abe Gay 
Inz N layer ] ... 62 A coil, 63 ... 102 A Gal-x Inx N layer, 103 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
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l.This document has been translated by computer. So the translation may not reflect the original precisely. 
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3tf*J:5(ct,ri>5CiK:J:tL JfflQB. AUG 
a v in, NJS i lRl«tc«S^ti^> ^ ^ * 3&s&- < MS 
ttfefl»aA*t©«2©B. Al. Ga, In, NJI£ 

fc, c©«. cn^tDmi^B. Al. Ga, In, N 
■feJ:W2CDB. Al. Ga r In, N/ttD/dcSKJS 
l>fcm*Httr«C2:fCj:9 1 B. Al, Ga v In 
, NIK, *#W«ltt«jt«GaN»Rtt^**^ay6 

C 0 0 2 4 ] 10 

[0025] *-*\ C<0«ll©»l©3ais»i|{cj:5G 
a NS«<DKS;^te^T!ft93*r &<, 
[0 02 6 J Bl*4C©m©«IWl»CJ:*GaN3l 

[0 0 2 7] C(0»16D9B*»»CC*j(r>Ttt, £3\ B 
1 Ate^Ti^Ct, ig^BSL/fcMOCVDiaiOJgJS 
§rtftC^!)^5^iS3^4 5 0 nm<D cffilt^ r >f 7li 1 

£N 2 i<Da^^*i*L. #J;U*1 0 5 0°Cr2 0# 
t&mtHMift 5 CtlC^V^Oc 7 r A rW®L 1 <D 

as* 5 l O'CJcwm SiCW^KNJBWiLror 
(NHj ) fc^Gal5Haro)hiJ^;V 
(TMG, Ga (CH, ) , ) *«»U c® 

^7^7iSl±fCGaN^'^77l (^rH*-f) * 

U NH 3 00tt&tt*0S4Uft*tttf&> J&fifig£#I 

0 0 0 X*r±SS*fc« % StB«rtCCWyT 30 
MG*«l&LrGaN»2*4 Mm/hfilT©JSSSiIft 
*e^ESSi*S B CCDGaN»20l»S««*«3 /zm<b 
T£ e C©cfc5KLTMOCVDffiK:J:<)4 um/h&L 
T©a»iSK , rffifiSnfcGaNJB2tt % *H3S*i*»* 

[0 0 2 8] GaNM2©JSEfi«C5l*«#. KJMFWfC 

teu-c, mra^x^W:** (des, s (c 

2 H 5 ) 2 ) *J^N-iL/rGaNjB2±fCSK 

-?) ^15iftC(DGaN120tI^I^o CCD 40 

mrmtc g a n® 2 cost®* s its < 9 ak. 

G a N« 2 <D^ffi# Jgfl L fcttttc cffi^? 7 4 7SI 
l*SIW*6»0Blyr^lCCS6r4 fc GaN12 
©*E:W§»3ftT»fcC©GaNJB2±fC/W F^-f 
F V P ES;K: «fc 0 G a N»£/ag3#5l£fcSJJ»£& 

[0 02 9] ;*CC, cffi^r Y7»^**<DlSEffl!J 50 
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«1<DK3*. *OHr/W FVPEttfciO 
^cS$^^GaN@(D/13«T^0Tfc< 0 ctitt. c 
It7 7 >f7SIl 4C(0GaNflii<DlH©«yKaBift» 
QBOCCfcQ. COGaNSCC^RB^^K3ti/cf?^7 

ft, HI BCC^rJ:5K: % cBT* 7 r ^7lSl ±©G 

aNJf2±K:. 'W F^-f FVPEffiK«fc9, 

S (mtf, 2 00 am) ©GaNJi3***xfcf** 

[0 0 3 0] CCDGaN®3co^g«, ftttWfctt. H 
2K5**vw KVPES6B*ffli»r*0<fc5«:fT 
5, "Tttib*. G a NB 2 £l&fi£-tffccMif 7 r-/T 
S« 1 £\ 0 2 tt^T^ Y F 9 -f .F V P E &SG>E&# 

7*.m<Dms&mi ifticmmstitcinz?* 1 2±tc^ 

<„ gJEgl l<D±*»»ttfttJ0«i 3tcJ:0±TX 

«J0«1 3±CC*»<DiBf4-C*6Ga 1 4£Aftfc#- 
F 1 5£g< 0 c©#-F 1 5&m>titc. fiSS*l 1 
<Dtt$J9fel 3<O±ffl80>SP»fctt, K«l 6*^t/tH 
C 1 #X££y&-T& KS17**H/rN a # 

**** »;r^xi Lr«i&-r*ci3&sr*«j:5ccsc 

^rc^S. g/c, JgjS«l 10{±i0tHKl 3®TIM<Z>8B 
Wl 9*^LtN, + 'J7^i bt« 

1 ltt. ^»fCRB3tlfcfc-4r-2 0«:J:5. ^cr>S 
^2 1^2 4a2VXOaUttfaroft:A07^7a-3> 
[0 03 1 ] GaNS3CD«ES5Cjfe£L^, RI6« 

1 imcis^x. cmiryr-frmmi «osskk:A] 

^-TSCi(cJ:0, GaN«2 0«n0SM£3K!k3tt 
r»*r*. C©it, C<Z>JD«|l«(CGaNJi2*6N 

[0032] c©J:9«curs«*lfc*^teaL 

1 1 Oft^JO^l 3<D±ffiJ©gfcfrKHC 1 ^teJ:^* 

©1 l<Z>tt«J0«l 3cOTWJ(DgP^CCNH 3 ^X^J:^ 
tf;7^i0tON z ^%ftfeT4 B C<Z>i#, 
5I£«1 l<Df±«J0«el 3<Z>±flH<D»»Cc*5C»rW, H 
C 1 iGa 1 4i<DSJSCCct0GaC l^^£3ti, C 
<DGaC 1 ±%J*mi l<Di±m*)l&l 3<DTm<DWfoVC 
M$n/cNH, itflMr:/* l 2©i^?StSC 
4k:J:0, cIf77>f7lSli©GaNi2BcG 
aN»3#EEgT£o CtDGa NI3 O^Soia^, 4 
wm/h<tH^<^o20 0 Min/hyTOffiHrt 



2 0 umo 1/m i n, NH 3 Sf£fi« 1 SLM, N 2 WL 
»i 0 . 5 S LM h 1 5j*KD.G.a 1 4 ©ttifi(DM 

a«8oo°a i^-fe^3?i 2jbcca^ti/ccsif^T 

J13±KS i O, JK4£^MLTC(DGaNJi3cD*ffi 10 
C0034]^CCC, HI DCC^"TJ:5CC % cffii^W 

PO« -H a S0 4 «©x^>^i (Wittt, H 3 P 
0« : H 2 S0 4 = 1 : 1 ) £fflt>T2 8 5°Crff 5„ 

x 7 f>^cj:?)Sio z )K4^x^^>^m^-r 
5o 

[0 03 5] £<Df£, G a NH 3 <^ffi*flaBftffi£ t, 20 
tfflt^Ji^{CttC©GaNi3<DSl4, *fc v Ga 

NB 2 <Dg|ffi£. Affix * ^ffifb^x * ^> 

ifls&wt?^ 1 ; •r»^i^i^rx^> 

[003 6] JW±(CJ:0, BB1 ECCm-TJrSK:, MOC 
V D mc <£ D^SSS ftft:»l>G a N il 2 £ -£<D±CC^ ^ 
F9 A F V P EffiCCfc t)/&g$ftfc+^C/Sl>G a NS 
3 £ j&> e> 35: SiMSgcD G a NS«#S® S ft £ e 30 

[0 0 3 7]«±(DJ:^(c v c©»i<c««««ccj:ti 

tf. cMl^^r ^T*«l±tcMOCVDffiiCJ:D4M 
m/h«T©J5K*»Sn»C*G a NJ12 £/£g2i*T(,> 
SCifcJ:^ GaNJS2<Z)^®^ft^^ 

C^I©GaNI2±(C^^ F^-f FVPEffifC 
<£^* 4 ^m/hiH^< ^2 0 0 Mm/h«T 

o^sii^-c, mmv^mstttez+fricm^G aN§ 

TWfcl *l»*-r5Ci«C<t0. SffOG a NSt££f# 

T C> G a N Jf 3 ©/aS£tej£gjEK#@ae>T l> 
F^-f KVPES^rffl^ri^O'C, «AI»8 2 
0 0 m m(Z>G a NJI 3 *^£S5 ^-ScDCC^^B^ra^, 
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[ 0 0 3 8 ] CO J: 5 KH,T«j63*i*G a N*Ktt. 

ftfHMKi 1 1 -vmft^^m^m^tc^momm 

©GaN»«Lb«:MOCVDffi35c^»cJ:OWfc»a5l I 

N»«Lh«C»t«f*I I I -VJRffcd«*ll*ttl4rjafi 
3*r^»u-iftM8-j-4ii^(cji i cft€>0^ft 
«RI I I - VM^Wi*i4GaNi«iittC 

5CJBtitrSCi*S"C#* B £6&C, GaNI2, 3£n 
§?4Tft«n^[CDGaNS«^f#^C4^rir, Ga N 
B2. 3 « p Si thtf p a©G a Nl«%ff S C 
T*£\ C*l£©»^CttGaNX«©I|ffitenBTO* 

C0039] *KC % Cfl»ag|©*2©JW»»K:-3lir 

tm-rs. 

[0 04 0] C(Z»2©*(^»{C*i^r», GaNI 
SOiS8*«flrr5Ga N13 K7YKVPE 
ffi^iOSEfiS-eSfca&O^Y F9-f KVPESgiL 

[0 04 1 ] B-3 (C^-r«£ CCD/n-Y K^-T FVP 
E§6«cctec>rtt, 53?^^^»cosj£@3 lrttc»g 
Shfc1Ms:/*3 2J:IC. GaNI2^SSt/ccf 
■^7-/ TSS l ^g^ft; ^ /c, 3 1 ©±^SI5 

»(3:f±W5S3 3 J: D ±T^ooas^^ ftMZtiXl* 
G a MUt LXtemm&mft'£®-C<b Z 
TMG3 4*fflK COTMG3 4^An6n/cA'^7 
3 5^C|d«3 ^^t'imiL 

^^SE^3 JSI£«3 l<DftW0«3 3<Z> 

±«©»»CC«|&r*i<!:fc«C, S»3 8*/MyrN a 
^t*t»;7^4Lrft»t4. «W30tt/tY/^ 
^E«**T. /^735*6«ftSn4TMG^ 
ffi*3 7 4/<-f^E13 9<tOHIO«J01ftiLtt. 
^^4 0, 4 lOHHCCfcorffS. se»cc, sit:^ 
3 1 CDft^J 9 g 3 3 <D±firj<Dg{5^tC(i v K^4 2 *^ L 
THCljtf**{H&-r*<t£fcCC % tt4 3t/H/tN 

ttotC^o — rac£;lf3 I Of±KJ^«3 3CDTffJ 
©ff^CCl*. 12^4 4*^LTNH 3 ^7X*«tftr*4 
i^^C, IBW4 5^/hbrN 2 !/T35/^iL 

<o ^4 7-5 2«^<D^M$IJfflJ(D/ci*<Dv^^p 



XL 

too42] c<Dn2<Dmtmmic£-?xt>. miom 
lumtmMtaimA'ini c 
[oo43] c <D§m<Dm 3 (Dmfammtc r>^x 

(fcfcu o< x ^ i ) *«ars»^rH>TBMJi , i- 

[0 0 44] ccD»3<^D^BS§tcfec^r«, £r> H 
4A*c**TJ:5Cc, »l©JB»JBJBiPl«5CLT. : 
tfMOCVDftfCA'K cW7r>f7SfiBl±(CG 
a,.. I n, NJB6 2*4Mm/hJWT<D^gjtarjffi 
CCT\ C©Ga».. In, NJB6 2CC*jt» 
"C. 0<x^ lt*^ e 

[0 045] Ga,., I n, NB6 2©JS8fi«c5l#3R 

MOCVDS6B©H(BWi«:tet»T, WltfDES 
*IK»£LTGa,_ a I n, N»6 2±CCS« (H^-e 

6Bt0mr«rccGa x .« In, NB6 2<0«HS5*S«'C 

r -r rmn i *Ktse#>6ax 9 ffi-rsj ccg aNi2 <om 

[0 0 4 6] 3ctc, cBjU":7 7 -f TSSS6 1 ^^©Sffi 

St£6 *©Ilr^-f K^-f KVPESK 

<£9E£g3i£3Ga x _, I n." NJB©J*SeiT«:i/Cfc 
< 0 Ctltt, cI1f7r>f7lS6 1<!:C©Ga 1 ., I 
n, N»i<ora<^^SSffi»CDai^C<tO. COG a 3i 

T<£5K:. cMlf7 T >frSt£6 llCGa^ I n, 
N16 2Jt{C, /W F7^ FVPEttCCfcD, +#tc« 
3 2 00 Mm) OGa^ In, N16 3?: 

[0 04 7] COGa^, In, N16 3©05fiB, M 

^OJ:5{cff5. -Ttttofe, Ga,., In, N®62£ 
JfcfiS-ttfccffiU^T -f7g&6 1 4C 

■satins:/*? 2juc«<. mtmi i<d±%l3& 

ttttttI0«7 3. 7 4tcJ:DHoccHSP^{c^«tSnr*5 
0. *O«J^(D»»k:*5W4f±W0«7 4±K:#f*(D 

I n 7 5 ^An/c^- F 7 6 ^1^, 
«»«C*»&tt«0«7 3±CC#tt<D^^*^Ga 7 
7 4An/c^ b 7 8£§< 0 ^-h76^n/c v 
SJ£^7 l©ffciWOS7 4©±flO©»^«:tt, I2S7 9 
t^l/tHC I BB^8 0*^ 
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^^^-,t(,^ a ®£©7 lCDf±^J0^7 3 

ifttt 0 « 7 4 i ©moaafCtt, BlSALtH 
C 1 #x*fltt&T*££fefc % Ett8 2t^LtN, # 

44^ltN 2 ^^tt l J7^iL,te^T6C<!: 

' WMUt*JBASo< J:^CC»|^Lr^< 0 ^8 6-9 
1 »^ OittfMHRI <Dtctf><D v X7a-r3>hn-^- 

[0 04 8 ] Ga,., In, NI6 3 ©JiSfilC5fcil& . 
£t\ SJSW7 lftfcfc^T, cftf7 7 >f7lS6 1 
^flEfiattCcanJR-rSCiJCirD, Ga,_, In, NS 

6 2 0OTOSI^$#ri£f^ o C©£* % c 
©Jffl^BfKGa,., In, NH6 2frP>NtfiBm?Z><D 

tiwirsfcAcc, sje«7 lwccBNH, rtxzmv 

T:fc< e 

[0 049] C<D<fc5teOTSj@£|&*Lfc^ ®S© 

7 l<Df±^9«7 4<D±«D^HCH^ 1 #X*jJ:tf* 

*';t#x<?;ltcdn 2 #x*«*&u santi \<o\± 

3 <b{±SJD«7 4 4©IB©aB»CCHC 1 U*ts 

l©tte»9«7 3 0T«<Dffl»5CNH, 

«7 l<7>tt«JDt£7 4©±«J©SB^«:*yi»TB, HC 1 
t I n7 5£©j5J£«:j:!> I n c I £ <h 

tC, j^«7 lOf±W0«7 3if±W0«7 4 4<3[)IH© 
SR^CCfcOTtt. HC 1 <tGa 7 7 <t£>S/£(C J: 0 G a 
Cl«54SShS. Ctxh<0 I n C 1 4s Jct^G 

aC 1 tfrimi 1 Of±W0«7 3CE>TWJ©aB»CCfi4l& 
2ftfcNH 3 ±Wl?"k7Z7 2<D±fr~C&%l?2>c£tC 
AO, cI1f77^7lfi6 1±©Ga 1 . I In, NJ1 
6 2±5CGa 1 ., In, Ni6 3«g"r^ 0 C©Ga 
In, N»6 3<DJafiaStt % 4/im/hJ:H^ 
#<^2 0 0//m/h«TOiiflr i ffi«c3EI»©35c 

^frO-pU^r^tfe 4, HC1 i&Ste 20/iraoI/m 
i n, NH, S£S«1 SLM, N 2 ifcfittO. 5 SL 
M, h 7 6 fa<D I n 7 5 CD#i50SS« 7 5 0 °C, 

b 7 8 ft(DG a 7 7 cDttia<DM^W: 8 0 0 "C. If-fz 
^*7 2±(CB*>ti^:cffi*7r-rTlt«6 1 <D$M*<D 
SK«9 8 0*Cr*^. SJCDS7 lF*9CC«^3tl 

[0 050]^C, CCDi^CCOTGa,.. In, Nit 
6 3*sflEfiSntecffitf7r Y7lfi6 1 *J®S^7 1 
*>6*0iUCfc«, ®4Cfc^-rJ:^{c. WAtfCVD 
^CCcfcOGa,., I n, N®6 3±fCS i jg64^r 
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J&gl/TCCGa,., I n,NM6 3©SlffiS:»5 . 
[OOSll&K. I4DKStJ:5K:, clt7 7 ^ 

, PO, - H, SO, &<D3--,*>VWL <m*.l£. H, 
PO« : H, SO, = 1 : 1 ) 4ffll>T2 8 5 *C"C|f 

v hi^^SKJ^S i O, Jg6 4<£x*?>^|& 

[0 052] CCD®. Ga,., In, Nil 6 3©*®£ 
L/Tjm^ti^-CaJCOGa,., I n, N@ 
6 3©g®£. Sit. Ga... In, NI6 20«I4 
Jdcfi3tffi£l/r:fl!<,».5t§£-{C»C©Ga»., In, Ni 
6 2©^®*. «fflx 7 ^>jf£ % mmt^x.v^>if 

[0 0 5 3 ] fcLhtcfcO. 04E{C7n-rj:5K:, MOC 
VDft(C s tD^$n?t»tiGa 1 ., In, NI62± 

Bl>Ga,., In, N16 3 i*645¥teS©Ga 
In, NS&#Sgj&;*ft*„ 

[0054] w±©<t: 5(c. c©?g3 (Dmmmm^iT. 

If. cM1?-7t^T*®6 l±«CMOCVDffi{CJ:») 4 
Mm/hJ!J{T©)£giIg-tm>Ga 1 _, In, NJ!6 2 
^fiKgS-y-C^SCifCiD. Ga... In. N16 2 
(D&ffiMtl^*? v * ©&£#»* 6*1. 
itSCimS. f 1,7, COlfOGa,., In 
, N@6 2±tt;W F^ FVPE&CCfct). 4 iim/ 
hJ:0 , b^:#<*'-52 0 0 Mm/hJyT©fiSSjia-C, 
S^^SPtJ&S+^-CcmiGa!., In,NI63 
*fiS;g3-l*rt,>SCitcJ;0. C©Ga,., In, NJ1 

6 3 ommiftti-p? =7 -j ?<Dm±%t(9x.. 

In. NS«£f#£C C©Ga 1 ., 
In. NSSO^gp^sJJTSiSt^Ga,-. In, N 

Jf 6 3©^sstc«^S3$JK*iffi^e)rA#t ^ ^^'f F-?-f f 

VPE^IrfflUtl-^Cr. WUfI5;*2 0 0tfm©G 
a,.. I n. N2ffi£WS©K:.&gfcB$fffltt. 

<*e>fc. C©Gax., In, NSS 
«. «Mt5cIt7rYrit6 1©S(CI£:CT. ffl 
A « 2 -f> ^&Jm±©*®«© © i * C i #-C £ 

[0 05 5] ^©Jr^fCLrSjtStiSGa,., In, 

n««{j. sib^ i i i -vmt^m^m^m^fc 
sa©^^g©i?jS(cffit,»T«T(i^4>©-c*s. t 

*t>^. CCGa,., In, NgfeJrK:MOCVD)££c 
dfKJ:»)fiMfc«!Jfil I I-VMb£&¥Sgf*B*jj$g<* 
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#<c. C©Ga a _, In, N&fchCcfettfefe I 

Wktus^ticit. cn6©i{t«i i i -vrnts 

WSiWMItGa,., In, N«R4ifctc£prrsc 

Ci*s-C#S. Sfcfc. Ga,., In,NH62. 63 
^nIittl«nI©Ga,.. In, N»«*f#SCi 
Ga,., In, NB6 2. 6 3*pM±?Ht* 
pg©Ga t _, In, N««<Srf#Sci*sr*. Cft6 
10 OS^KBGa,., In, N»fe©S®{c n M^S* fc 

[0056] ;xic, z<Dmw<Dn4<Dmffim<,cr>^x 
-cteG&Ngmzmm'rzm-itici^-csstwL. m3© 

Xte^BK^tri-CtJGa,., In, N«&£igj£-f £*§ 
■&{Co^-cgi^l,fc*s. C©^4©HJ6IgSiK*J(,ir 
tt, £K)-m)lC. B. Al, Ga. In, N {tctc 
20 L/, OSwSl, O^xrSl. OSygl. OSzS 

1 , w+x + y+z = n m&&§mTzm-&icn*-c 

[005 7] C©|g4©^t£J&«ifC:tel,>-C«. gr. 0 
6A(C^-rj:^{c. miCH^fiiilll^KLr. m 
«MOCVDj*KJ:D. clt77-f7lfil0 UK 
B.A1, Ga, In, NI 1 0 2 ^rfiSSS-tfS. fc/c 
U C©B. Al, Ga, In, Nig 1 0 2 tete^T. 
O^wl 1 , 0^x51, Oiygl, OSz^l, w 
+x+y+z= IT**. 
30 [0 0 5 8] B. A 1, Ga. In, Nil 0 2©*&g 

icmsMs. MocvDiigojsiEWrttcfc^r, mz. 

«DES*Il^ibrB. Al, Ga. In, NI10 
2±KSM imml*?) £Ji£g3tfTC©B. A 1, G 
a. In, N110 2©ai*S5, £©&. 

rjT&mi o l^jKis^^Koair. c©«t5fcc 

tB-^-^r -YTS^l 0 l^SlC^SmOffi-r^CB. 
Al, Ga, In, Nl 1 0 2 ©«®£ Slg-CS-jr*J 

<as«. 0i©H^JS(cfcur. c®if7y^rs 

8t 1 *Slc;g*> •) ffl-rtuCt G a Ng 2 ©Slffi* S K 

ffi(?.'J^6 7-?f>y-r-SC<!;{CJ:f3. C©cMif7r-Y 
TWfcl 0 1©HS^. ^©Iif/\^ K7-/KVPE 
j*«C«fc«3^g$-t*-5B. Al. Ga, In. NH©/1$ 
«TtCitfe<. cnt*. clf7 7 -/7Sf 1 0 1 L 
C©B. A I, Ga, In, NH£©|iJ©j&Jt^!&© 
HfC@HL,r. C©B. Al. Ga. In. NUtC^RS 

fcati-C*^. C©f^. 06 BK^n-3\fc5K> cSl7-7r 
0 -f7ltl0 1±OB. Al, Ga, In, NI102 
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±tc. ;W KVPESCCfcf). (0j;t 
tf. 20 Oam) ©B. A I. Ga, lo, NJf 1 0 3 

[0 06 0] C©B. A 1, Ga, In, Nil 0 3 CD 

g*ffl^r^O«fc^Jctf^. -Tfrfr*,. B. A 1 , Ga 
, I n, N@ 1 0 2 «fi3#fc clt7 7 -f 7lffi 1 

^«©SJ6»1 1 lrttcsSSEStifctf-fe:/* i i 2±Jc 
g<. mjZMl 1 1 0±^SP^«f±«J>5«l 13.11 

4. 115. 1 1 6K£9£^©^#{c#f»;*<va,> 

5. c©t§£. BH«tLr«w^nYb^^r-*5 h 

(TEB. B (C, H, ) 3 ) 1 1 7£ 

fflt>. a i jmt^x \tmm&mit-&mv & z b v*? 

)\,7>V*~VJ* (TMA, A 1 (CH, ) , ) 1 1 8£ 
-ebT. TEB1 1 l&Xtlhtito^vl 1 
9t*?JCBH©l 2 O^ltN, 

r«*Sb. ■£ftK£S^':7';>i/ , K:J:9&£-r£TEB 

#x*i2lri 2 i*^>L.r. ststi i i©f±9Jf?«i 

1 6CD±ffliJ(Dgp^{c«*&-r^ 0 C©S)£?gl 1 KDtttfJ 

9l£i 1 6©±fflf©sp»(cttse(c. ie«i 2 2%/rb 

tTHC 1 TMA 1 1 8#Aft<=> 

titcJ*?? 12 0' ftfCEWl 2 3£:ft-t/TN, 

O^tSTMA^^lf 1 2 4mr. SJ6»1 
1 l©tt«0«l 1 5if±^Jf)«l 1 6 £©BB©S|3#K: 

«*&-ts„ ##i 2 5. 1 2 6 w^KSfcrn-r. 

CC-C. 1 1 9*6i^Sfl5TEB^O. £ 

■SI 2 1 4/<-f/USf 1 2 5 £©IHI©gj ^ 
;^1 2 7. 1 2 8©g§@!CtJ:-,-aT'5„ jfc, 

1 2 0^6«S3n£TMA#;*/NV^Xi2Sl 2 6 i 
©^©SJOJ&U*. /<^^1 2 9. 1 3 0©KJHI!CC<fco 
rff 5„ SIc^l 1 l<Di±W)mi 1 4£{±$Wtgl 1 
5<fc©K©giJ^tC*5lt^±^}rj«l l 4±iCUmW<Dm. 
nv$>2> I n 1 3 1 ZAtltctf- h 1 3 2£g< . C© 
sK- H 3 2#g;5>fT,fc, SfBWl 1 1 ©fttflOSl 1 
4itt«)i)Sl 1 5i©ffl©a5^(C5J. IB<gl3 3£/i- 
LTHC 1 Efl3 4^l 

■iStC&^-ci,**. Sfc, SFc^l 1 1©{±W0«1 1 
3if±gj9gl 1 4i©ra©aJ»{CfcW-5ft«J f )gl 1 
3±tC«mf*©II!f4T*SGa 1 3 5 4Atlfc#-H 

3 6 *g< . c©**- n 3 6 w&frtitc. mtm 1 1 
i©ft$jf3«n i3<tf±W3^i i4i©ra©sp^-{c 

t*. IHgl 3 7^LTHC 1 

ft. 12^13 8 ^LtN, ^4+t'J7^iU 
«*&r-5Ci*i-C*^ < t^(C%-Drt,».5o 3 SIS 
11 1 l©f±W5«l 1 3©T«©tt#tCtt, IB^l 3 
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■r#SJ:^«:^ort,^ 0 cce. SjSSi l ib. ft 
awCHBS*ifch-3r-i 4 l{C«fc«3. ^©J^frfiK 
j?fg©ia&£jffi#-?< «fc5&ani&LTfc<„ ^14 2 
~ 1 5 1 B **x ©i&fi$0®JcD;fc«>cD^;x 7D-3> f. a 

[0 0 6 1 ] B. A 1, Ga, I n, NJg 1 0 3©j£g 
tT. SJCSWl 1 1 fttCfc^T. clt7 7 

-frasi o i ^siaSKftD^-rscitCcfco. b. 

Al. Ga, In, N@ 1 0 2 <D$m<DSm&BM£-tt 
10 ri*£TS. t©£#. COflWHWcB. Al, Ga, 
In, NII6 2a>6N#j&8tT£©£B5±T£fc«>K:. 
SlS^l 1 lftKBNH, *'^^L-r*s<„ 
[0062] C©«fc5K:i,TSK£lfc£Ufc«. 
1 1 l©f±W«3Kl 1 6©±fflJCDSP^(CTEB**^*jJ: 
tfHC 1 St&lrl 1 l©ft«J9t5U 1 5 

• iftSJSSl 1 6£©F£©^fcTMA#.X*}J:D f HC 
l#**&teU SioWl 1 1©{±$JI3®1 14±{±® 

Dffii i 5 i©r4©gp^«cHc i ^xfcjro'+i- i/t#' 

^<tCr©N, #**«$&U £fc?gl 1 1©{±#W« 
20 1 13ift^Sl 14i©0OSS^(cHCl*Xfc«t 

1©{±#9«1 1 3©Tffll©a5^fcNH J #Xis&V* 

JCEWl 1 l©f±W0«l 1 4i{±^«3«l 1 5iCD^© 
mfttOs^XlZ. HC li In 1 3 1 ^©SiCSfCJ: 0 I 
n C 1 tl^ i i {c, i i i ©ftWO S 

1 1 3itt^J0tgl 1 4i©H©SP^«:*J(,>r». HC 
1 iGa 1 3 5i©Jgl£;K: < J;f3GaC l*i^S3^^„ 

■eur. cne© inci *jir>*Gac 1 sicTSi 

30 1 1 <D{±m K> m 1 1 6 ©±®J©g|5#K:tiU6 §nfcTEB 
^i. Sl£Sl 1 l©f±W0«l 1 5ift^J0tel 1 
6i©Ffl(Dgp^(C^3n/cTMA*'Xi. ®£©1 l 
l©<±W9tel 1 3<DTm<D^^icm^tltcNH s i 
ifilH:-?* 1 1 2 ©_h;fr-c-£«£-f5C 
77-^711 1 0 lJb©B. A 1, Ga, In, Nil 

0 2±fCB.Al. Ga, In, NI10 3«5f 

C©B. Al, Ga, In, N@103©JSSiSS 
tt. 4Mm/h«fc«3fcA#<^o2 0 0jum/'hJWT© 

40 C©t#CDAMW!Sfi£^fl=©— tate^tfSi. TEB 
SKa«4 0 /umo 1/mi n. TMAsSiiJ5 0«mo 

1 /m in. H C 1 20umo 1 /m i n . N H 

, aiuisLM. n 2 mm&o. sslm. ^-hi 

3 2 F*3© I n 1 3 1 ©ffijff©i&gf«7 5 0 °C. ^- h 1 
3 6 rt©G a 1 3 5 ©tti£©fiK«:8 0 0 'C. 
1 1 2±KS*>hfccIt77-f7lSl 0 l<D$m<D 
afiW9 8 0-C-CM. 

[0063] ^K. COi^KltB. A I, Ga, I 
n t NllO3^g$nfccIt77-f7itl0 1 
0 ^SJS^l 1 1 #>6IR9tHLrt:fg. 06C(C^T<t'5 
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CC. m«CVDffi{CJ;OB. Al, Ga T In, NI 

io3±tcs i o, mi 04 tumor cob. ai, 

Ga, In, Nil 1 0 4©*S£&5. 
[0064J&K. meDHCTjk-rjzStc. clt7r-/ 

rssi o i smittt')!) H^i/^^yjitcfcOif 

H.PO, -H z SO, H 
, P O, :H, SO, =1 : 1) 2 8 5 'Crff 

?H 7 ?>^SK,fcf)S i 0» fgl 0 44i?f>i' io 

[0 06 5] C©«. B. Al, Ga, I n. NJf 1 0 

, Ga, In, NJfl 0 3©3tffi£. B. Al, 

Ga, in, Nmio2<Dmmzt£&mMtuxm^z 

t§a{C{iC©B, A 1, Ga, In, Nfl02O^I 

[0 0 6 6] «±{C«fcf). l§l6EfC^-r«fc^{C. MOC 
VD&KJcOfiSSSn/cS^B. Al, Ga, I n, N 
Ml 0 2 i-€-©_htc/W KVPE£K:J:9j£gi* 
titc+^icm^B. Al, Ga, In, N110 3i*i 
6.*S#^©B. Al, Ga, In, N*K#§?i*3 
HZ. 

[0 067] fcLh©J: 5 JC. C ©314 QXftffl?*CC «tn 

cff7 T wrasi o i±ecMocvD^fcj:ip 

4 am/h«T©^SSSriH,»B. Al, Ga, In 
, Nil 0 2£jj£g<*1i"Ct,>£t <t&C4:i3. B. A 1 , 30 
Ga, In, Nl 1 0 2 OiiSn^> ? 7 7 i»©S4«s 

C©Jlf?©B. Al, Ga, In, N/g 1 0 2_Bc/W 
KVPEiS(cJ:DS«©=EMgiJ<t^4+^(c^^ 

B. Al, Ga, In, NJI 1 0 3 *^g3#-rt>5 C 

ifCtiJ. C©B. Al, Ga, In, NH10 3©* 
BBXtrt>?7??<!>ft£«ax.. *§ 1 flf46ft# : &4>© < »; 
fSCim. cn(Cj:,-c^f©B. Al, Ga, 

In. NaS^ffSCidi-C^S. Sfc, C©B. Al 
, Ga, I n, NS«©^SP*«fi£-r5m»B. A 1 40 
, Ga, In, NH 1 0 3 ©ESSCajf&g&Jgj&s&AT 

FVPE^J&flitirt,^©-^ 
JI3 2 0 0 Mm©Ga NSt^^^OK^Writt. 

fUm&. £j£1*#?15<,>. 3<=>fC. C©B. A 1 , Ga 
, In, NIStt, ffifflt5clt7 7-rri«10 1 

©2«cj£(;t. m«2 -c >^s«±©7^sa©fe©i 

[0068] C©J:^{Cbri33»$nSB. A I, Ga 
, In, N3£«tt % gf&BWU I I - V*£{t^£ag#: 50 
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*>ho T&fcfj. C©B. Al, Ga, In, NS«± 
tCMOCVDffiftftCJ:0«fb«l*l I I - Vmitit® 

¥m#m*:im$i±z c tic**), zmommitrnm* 

SS«Ci*s-C#5, Wfc. C©B, Al, Ga, I 

n, xm&±.icmit®>mi 1 1 - vmt£®¥mwm* 

KftttX I I I -V^ft^tSNUgttJlfcB. A 1 , Ga 
, In, N^ii&tCifgg-fSCi 
— f©*JimgM€rSSK:^-r5C<h*s-Ct-5„ 3 6 
5C. B, Al, Ga, In, NI1 02, 1 0 3£n32 
ithffnSOB, Al, Ga, In, N$K£ff&£ 
B. Al, Ga, In, Nil 10 2. 103 
*pSi-TtitfpM©B. Al, Ga, In, NSfK* 
ffSCi^s-Ct. cn6©i#^iC«B. Al, Ga, I 
n , N»S©gffifc n S^SiS « p MMm&BnS,-? *> 
C i *i r # 5 i t, ^ f f# ^ c i *i "C # 6 . C *i fC «t 

[0069] cco&w(Dmi&mmic^xm&tf) 

* &©r«tt < . C©^©S?J5W.lL«K»-5< #igcD 

[0070] ms*. ±iB©m 1 ^4aymmmmcis 

4ffllr»tfe,il,>. flftBKB, cIU-? 7 -f7l«l. 
6 1. 10 1 (ORt> t> fC. f6©B^{4©-y-7 r 7SS 
£ffltvr £«6jf&, SiCif^MgAl.O 

, IftJii^fflUTtiU. Gajgff4<fcl/-Ctt. 
TMG©ft:fofHcTEG£flHr>-C 

[ 0 0 7 n *fc. ±ma>mi<Dm&mic*A>x\*. 

cMV-y t -f/IS 1 ±JCGa N®2 *fi£S3-t*/c^tC 
c r ■< TW& 1 &-?-©Rl]{g!|#i 65?f>iff5 
CtlCJzQ cltf7 7 >f7lf l«©i(C;\^ 
F V P E »J/£fi;?*T.S/?t,>G a N@ 3 J: 9 &sl< 
LX^HK SSJ*»6GaNM3J:»J fegH,»c®-y7 7 
-fT«&l -e-©±tCGaN82feJ:DtGaNS 
3£j£ft<*HiSJ:-5fcL,-C6J:l,>„ »3*jJ:i>*m4©|| 

[0 072] ±3i©0 1 (OmUkftmiCWtZG a 

NB2. ^2©^&SJi5«|(c*jW5Ga 1 ., In, Nil 6 
2i5J:Vm3<DmmBmicl6VZ>B. Al, Ga. In 
, Nil 0 2©^atC{i, MBEa*»>ti>J:(,>. * 
fc. «SM<bOT©S i 0^4. 6 4, 1 0 4©ftb 

i NK£<!:<&Ji!<,>-C& t tl,>„ 

[0073] 3 e,fc. ±j^©^ 1 (Dmmmmich^x 

«, Ga N@2©^ffi<&M^/tsti©SJlttMOC VDiS 
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g s -&?t c mv- 7 7 a r»« i *m it > v a 
( <nh, ) , s, ) *(c®^^B#ra. M^ai^ms 

P-*ff 5 Cite J: 9 IS® 31* 5. Sff3©*J6Jg8S«:*i 
ivCGa... In, NJ16 2©«E£S5/c»©SJgfC 
-3U»r*. ^©SfeHjJfcJ&iCfcOTB. Al. Ga, I 
n, N® 1 0 2©SE5rS^fcft©SMfCot>f'b > |BJ 

[0074] S6cc. js^tcjrora. mioymtimm io 
p e ^(omj&mmvm^ntm&mnctamr s ctic 

C0 07 5] £6tC, +t'J7^i{/rtt, N, &tft 
[0076] 

[#S9!©3&*] JSLh^L/fcJr-^tc. e©»HK:j:*i 2 o 
1* . «S±«c^ l ©M*a&g& K <£ 9 |g l <DmMOf&& 
mS.vmi<DB. Al, Ga, In, Nm&m&ZMZ 
I^i. f lOB. Al, Ga, In, NJI±{CS!I2© 
SvtBi&ft&fc: <fc Dig 1 ©£r5£©f&gjtKJ: o fc*#t>jjt 

2©gr3£©j£gjgg-cS|l2©B. Al, Ga, In, N 

1©B. Al, Ga, In, NUfccfcD^ ©B. A I 
, Ga, In, NJl£at®^tt-£?^?^#ft 

fcft*f^^So^©<t-rsci*sr#s„ HI2© 
B. Al, Ga, In, NJg£SB$rar+#£J¥3CCj£ 30 
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*©B. Al, Ga, In. NJi*$J:tflSI2©B. Al, 
Ga, I n . NlOSg(cffll,ii/t2S4li1"5 C i tc 
<fct>. B. Al, Ga, In, NSfe, JM**jtctJ0!l;i 

«g a Nmwj:£*m>£.im-c$m-?z C 
[0®©lffl4ifti&iii!] 

[si] coftWfDmKDnmBmicjiZG&Nm&o 

[02] C<D&W<Dmi<Dmi&rMlCJ:Z>GaNmfc<D 
$gj§Ccm>£/W F^-C KVPEflg©— M^TBS^ 

[S3] C©^©^2©*Jg^«:J:SGaNS«© 
0T?*£. 

[04] C©JW©W3©a9BK»cj;aGa 1 .. In 
, N«g©Kig^-ffi%^-rsfc«)©BT®0r*)S„ 
[05] C©^©^3©HM^SiK:J:-2,Ga a .. In 
, N«&©SgjtKm>£;W F^-f FVPEiSg©— 09 

[06] C©^©»4©|Q6^]S«:4:-5.B. Al, G 

a, in, Nmm<Dm&%m*mwTztcit><DmMmv 

3>Z>. 

[07] C©^©m4©*Jgfl5^«:j:SB. Al, G 
a, I n t NS1g©S?i§&Cfl§t»-5'W FVPE» 

g©-^*^-rm^0-c* -s. 
[??^©iftBj] 

1.61,101-- cftf77>f7iS l 2, 3' 
• • GaNl, 4, 64, 1 04 • • ■ S i O, H 1 
1 • 7 1 , 1 1 1 ■ • - jgtcJg. 6 2. 6 3 - - - G a 
i-. In, N®. 102, 103 ■ • -B, Al, Ga 
, In, NI 
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